piperazine dihydrochloride (Vastarel&reg;) as a medicament for angina pectoris (1) . This drug is assumed to reveal its remarkable action through decreasing cardiac work and lower ing the oxygen consumption of the heart (2), but other mechanisms of its action yet await ed clarification.<BR> Since trimetazidine exerts no appreciable effect on normal atria, the present experi ments on the actions of this drug had to be carried out in atria under the influence of nico tine, potassium free medium, or electrical stimulation. The isolated guinea-pig atria were chosen as an experimental material, because of its high sensitivity to various drugs. The decreasing effect of trimetazidine on the toxicity of strophanthin-G in guinea-pig atria has already been reported in our previous paper (3), in which it was suggested that tri metazidine might exhibit its action through lessening the out-flow of the intracellular potassium in atria.
The anti-nicotinic action of this drug has also been reported in one of our previous papers (4) .<BR> Our previous experimental results led us to the present consideration of the relation between the chemical structure of the drug and its pharmacological actions.
As the tri metazidine molecule possesses trimethoxybenzene and piperazine in its own chemical struc ture (Fig. 1 ), these two substances also were individually tested in reference to atrial ac tions of trimetazidine. dition of the drug.
In some experiments, the atrial potassium content was estimated: the atrial tissue was removed from the Locke's solution in which the contractions had been observed and was washed with an isotonic sucrose solution.
The tissue was immediately weighed and dissolved in a detergent: the atrial tissue was immersed in 1.0 ml of 1.0 Mol p-(diisobutyl cresoxyethoxyethyl)-dimethylbenzylammonium hydrochloride solution in methanol. The dissolved atria were diluted by distilled water to 5 ml and their potassium content was estimated by means of a flame photometer.
Locke's solution used comprised 9.0 g sodium chloride, 0.42 g potassium chloride, 0.24 g calcium chloride, 0.7 g sodium bicarbonate and 1.0 g dextrose per litre of distilled water.
In some experiments a potassium free medium was used, of which components were 9.3 g sodium chloride, 0.24 g calcium chloride, 0.7 g sodium bicarbonate and 1.0 g dextrose per litre of distilled water. The drugs examined were trimetazidine dihydro chloride, trimethoxybenzene, and piperazine hexahydrate. The concentration of the drugs was expressed in terms of g/ml in the bath fluid, and the content of potassium in atria was expressed by mEq/kg of wet tissue.
RESULTS

1)
Influence of trimetazidine on the addition of adrenaline, tyrainine, or acetylchloine
The effect of trimetazidine on atrial contractions was weak even in a high concent ration of 10-': each change in contraction amplitude and rate was up to 5 % decrease al the most.
The effect of adrenaline in concentration 10-e to 10' on atria, which augments the contractions in amplitude and rate, and which is assumed to be caused by its stimulatint action on the adrenergic receptor in atria, underwent hardly any influence by the presence of trimetazidine in concentrations of 10-5 to 10'.
The effect of tyramine in concentrations of 10' to 10-s, which augments contractions but which is considered to be caused by its action on the stored catecholamines (5), receiv ed hardly any influence by the presence of trimetazidine in concentrations of 10-5 to 10'
The effect of acetylcholine in concentrations of 10-$ to 10-5, which depressed the con traction amplitude and rate, and which is due to its probable cholinergic effect on atria , underwent scarcely any influence by the presence of trimetazidine in concentrations of 10-11 to 10-'.
2) Influence of trimetazidine on the effects of nicotine
Nicotine 10" to 5 10-' depressed atria) contractions initially for 5 to 30 seconds, thereafter, augmented them to the level surpassing the original levels. When l0-' of tri metazidine was added 30 minutes before nicotine 2 >_ 10", or l0' of trimetazidine was added 10 minutes before nicotine 5 r 10-', both inhibitory and excitatory effects of nico tine were depressed as shown in Fig. 2 .
Fic. 2. Contractions of isolated guinea-pig atria : the diphasic effects of nicotine 5 x l0-'S, i.e., initial suppressive and subsequent augmentative effects, were antagonized by preceding addition of trimetazidine 10' at 30 minutes before nicotine. Numerals above the record give atrial rate (beats min). The concentration of each drug is shown in g,ml. Time intervals are one minute.
3) Influence of trunethoxrhenzene or piperazine on the effects of nicotine
The above effects of nictoine 2.~ l0-' were slightly suppressed by trimethoxybenzene 10 when it was added 30 minutes before nicotine, and were markedly but not completely depressed by 10' of trimethoxybenzene when it was added 10 minutes before nicotine.
The depressive effects of trimethoxybenzene on the actions of nicotine were shown when 10-' of trimethoxybenzene was added 30 minutes before nicotine 2 l0-', or when 2 % 10' of trimethoxybenzene was added 10 minutes before nicotine 5 > 10".
Pretreatment of atria with piperazine 10 to 5 10' had no effect on the addition of nicotine at all.
4) The time required to arrest the atrial contractions in a potassium free medium contain inc trinieta: idine Trimetazidine, in concentrations of 10-' to 10', had no significant effect on atria contracting in a normal Locke's solution, but it did markedly prolonged the time required to arrest the contractions of atria kept in a pottasium free medium.
In order to avoid variations of the time required to arrest the atrial contractions in a potassium free medium, each preparation was examined two times in the potassium free medium.
The interval between the first and the second examination was one and a half hours, during which time each atria were kept in a normal Locke's solution to restore nor mal contractions (Fig. 3) . The estimated ratio of the time required to arrest the atrial contractions measured during the first examination to that measured during the second examination was nearly l: 1.24 as can be seen in Table 1 .
Fic. 3. Contractions of isolated guinea-pig atria were arrested by a potassium free medium within one hour after the change of bath fluid, but, in the second potassium free medium containing trimetazidine 10' g ml, contractions lasted for three times or more than those in the first potassium free medium. At (W) the bath fluid was changed. Numerals above the record give atrial frequencies (beats min). Time intervals are five minutes. Value a is the mean and its standard error of each time of 12 cases required to arrest atrial contractions in the first potassium free medium, h is those in the second potassium free medium, and c is the ratio of b to a. When the second medium contained (T), time d was prolonged to e, and / is the ratio of e to d. Similarly, i derives from g and h, and I does from j and k.
Value e** differs significantly from d (P 0.001), h* does from g (P 0.01), and k* also does from j (P -0.01).
But, when /*, i and l are compared with c, .f'* only differs significantly from c (P 0.01).
In this series of experiments, drugs were added to the potassium free medium during the second examination in order to test whether the drugs could prolong the time required to arrest the atrial contractions.
As can be seen in Table  1 , trimetazidine was found significantly to prolong the time required to arrest the contractions in a potassium free medium.
5) The time required to arrest the atrial contractions in a potassiion free inediuni con taining trunethoxi benzene or piperazine Trimethoxybenzene 10-' or piperazine 10-' prolonged the time required to arrest the atrial contractions in a potassium free medium, but this effect of them was weak as shown in Table 1 .
6) Potassium content in atria kept in a potassium .free rneditiin for one hour and the influ ence of trinieta:idine, trimethoxy'benzene, or piperazine on it When atria were kept in a potassium free medium for one hour, the potassium con tent decreased and the sodium content increased in atria as previously reported (3). In the present paper, only the change in potassium content was studied. When a potassium free medium contained trimetazidine l0', the decrease in potassium content in atria was significantly prevented, but in the same kind of experiment, 10 of trimethoxybenzene or piperazine had no remarkable effect on the decrease in potassium content in atria kept in a potassium free medium (Table 2 ).
Though the effect of trimetazidine on atria kept in a potassium free medium was thus or trimethoxybenzene (TMB) in each con centration of 10'g'ml for one hour.
N : each 12
The value marked with (**) differs signifi cantly (P 0.001) and the other value marked with ~*) differs significantly (P -0.01) from the one ranged in the line of K-free.
Fic;. 4. Arrhythmic contractions of isolated guinea-pig atria, induced by electrical stimula tion for 15 seconds, 3 to 5 volts, 5 msec in duration, and 120 cycles per minute, were prevented by trimetazidine 10-' g, nml added 30 minutes before the stimulation. Numerals above the record give atrial beats per minute.
At (W) the bath fluid was changed. Each section on the record paper shows 10 seconds. From these results it may be assumed that (a) the effects of trimetazidine are unrelated to those on autonomic neuroeffectors, (b) the anti-nicotinic effect of the drug is remark able but this may be due to its membrane stabilizing action, (c) trimetazidine inhibits a loss of potassium ions from atrial tissue, and (d) these actions of the drug are due to its molecular structure wherein piperazine may serve to enhance the action of trimethoxy benzene on atria.
